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Introduction 29
Paragraph 1. Epidemiological evidence shows that athletes undertaking prolonged periods of high-30
intensity exercise training are more susceptible to infectious disease (e.g., upper respiratory tract 31 infection (URTI) (12) . Longitudinal studies demonstrate a 40% increase in the incidence of URTI in 32 athletes undertaking a very high training load (11). To better understand the mechanisms that may 33 underlie these observations, a variety of immune parameters have been investigated in response to, 34 and following bouts of exercise (23). For example, intense exercise can alter several aspects of cell 35 mediated immunity including; impaired neutrophil function, natural killer (NK) cell cytotoxicity, 36 and lymphocyte cytokine production (12,21,34). These immune parameters, however, appear not to 37 be predictive of viral infection incidence in athletes (23). 38 39 Paragraph 2. One process that has not been examined in the context of high-intensity exercise 40 training is lymphocyte redeployment. Lymphocytes continuously traffic into and out of the blood 41 and this process is essential to immune surveillance and elimination of virally infected self cells 42 (20) . The trafficking pattern of lymphocytes is very sensitive to exercise and is largely driven by 43 CD8 + T cells (CD8 + TL) and Natural Killer (NK) cells (39). Indeed, the exercise-induced 44 mobilization and egress of lymphocytes into and out of the blood, respectively, referred to as 45 lymphocytosis and lymphocytopenia, is one of the most established effects of exercise on the 46 immune system (6). It has been argued that this exercise-induced mobilization of cells evolved to 47 reflect a 'primed' immune system under conditions where tissue damage and infection is more 48 likely (6). 49 50 Paragraph 3. Likewise, the post-exercise lymphocytopenia, whereby cell counts fall below baseline 51 levels, is also thought to be important for immune surveillance and antigen detection (6, 20, 39) . 52
Recently, it has become clear that lymphocytopenia is driven by a preferential egress of highly 53 cytotoxic CD8 + TLs from peripheral blood (39). Moreover, animal studies have shown that 54 lymphocytes migrate to 'front-line' locations such as the skin and lungs in response to exercise (20) . 55 Thus, changes in the cellular composition of peripheral blood during and following exercise appear 56 to be adaptive immunological processes. If high-intensity exercise training is associated with 57 decreased lymphocyte trafficking, and potentially impaired immune surveillance, then this might 58 provide one explanation why athletes are at greater risk of infection following high-intensity 59 exercise training (4,6). 60 61 Paragraph 4. The mobilization and egress of CD8 + TLs and NK cells in response to exercise is 62 primarily driven by specific highly cytotoxic sub-populations (2,39). Thus, the trafficking of 63 CD8 + TLs is determined by the kinetics of four CD8 + sub-populations: a subset of antigen 64 inexperienced cells; the naïve population (NA; CD45RA + CD27 + ) and three types of antigen-65 experienced memory cells; central memory (CM; CD45RA − CD27 + ); effector memory (EM; 66 CD45RA − CD27 − ); and terminally differentiated CD8 + TL which have re-expressed the 'naïve' cell 67 marker CD45RA (EMRA; CD45RA + CD27 − ) (15, 35, 39) . NA and CM CD8 + TL re-circulate between 68 the blood and secondary lymphoid organs, whereas EM and EMRA CD8 + TL preferentially migrate 69 to the peripheral tissues, such as the skin and lungs (15, 35) . EM and EMRA subsets are able to 70 employ immediate effector functions, such as the killing of virally infected cells (15, 35) . 71 72 Paragraph 5. NK cells also can be divided into sub-populations with distinct functional properties, 73 identified as cells that express high levels of CD56 (CD56 hi ) and cells which express low levels of 74 CD56 (CD56 lo ) (5). The CD56 lo subset is comparable to CD8 + EM and EMRA cells; preferentially 75 migrating into peripheral tissues and capable of rapidly killing target cells (22). 76 77 Paragraph 6. Considering the association between exercise training load and infection risk (12), it 78 is unknown whether the redeployment of CD8 + TL and NK cells is maintained or impaired during a 79 period of high-intensity exercise training. Therefore, this study compared the exercise-induced 80 mobilization and subsequent egress of CD8 + TL and NK cells, and their sub-populations, following 81 one week of either normal-or high-intensity exercise training. To improve the relevance and 82 applicability of results, lymphocyte responses were assessed following controlled sub-maximal 83 exercise (simulating aspects of training), in addition to a maximal effort time trial (which simulates 84 competition). On the basis of prior research, it was hypothesised that lymphocytosis (i.e., cell 85 mobilization) and lymphocytopenia (i.e., cell egress) of CD8 + TL and NK cells would be reduced 86 following a period of high-intensity training. Further, we speculated that any effects of high-87
intensity training would be most prominent in the most cytotoxic CD8 + TL and NK cell sub-88 intensity training condition required athletes to markedly increase training load: exercise volume, 124 (i.e., duration of each training session) and exercise intensity (i.e., difficulty of each training 125 session) were increased by ~70% relative to normal-intensity training (1-2 sessions/day, 7 training 126 days/wk). In the high-intensity training condition, cyclists typically undertook one sprint interval Table 1 presents total leukocyte and leukocyte sub-population responses to exercise 247 following the normal-and high-intensity training conditions, respectively. In both training 248 conditions, total leukocytes, lymphocytes, granulocytes and monocytes showed the largest increase 249 upon immediate completion of the maximal-effort time trial. Sixty minutes post-exercise, total 250 leukocytes and granulocytes remained elevated, monocytes returned to baseline, and lymphocytes 251 fell below pre-exercise levels (see Table 1 , main effects of time all; F (1,7) > 8.5, p < 0.05). High-252 intensity training was associated with a smaller exercise-induced mobilization of leukocytes (Mean 253 ± SD iAUC; 366 ± 50 vs. 467 ± 69 cells/µL; high-and normal-intensity training, respectively) and 254 granulocytes (Mean ± SD iAUC; 255 ± 51 vs. 377 ± 76 cells/µL; high-and normal-intensity 255 training, respectively) (Paired samples t-tests both; t (7) > 3.2, p < 0.05). There were no significant 256 differences in total lymphocyte and monocyte responses to exercise between training conditions 257 (see Table 1 ). 258 259
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Paragraph 23. Figure 1 shows CD8 + TL responses to exercise following the normal-and high-261
intensity training conditions. CD8 + TL increased during exercise (~300 %) and fell below baseline 
Neuro-endocrine responses to exercise 290
Paragraph 27. Figure 4 shows the plasma epinephrine and cortisol responses to exercise following 291 the normal-and high-intensity training conditions. Epinephrine concentrations showed the expected 292 increase in response to exercise (see Figure 4 A, main effects of time; F (1,7) = 4.9; p < 0.05). High-293 intensity training was associated with a smaller epinephrine response to exercise (Mean ± SD iAUC 294 between conditions; 24,133 ± 31,792 pg/mL× ~165min vs. 33,120 ± 36,078 pg/mL× ~165min; 295 high-and normal-intensity training, respectively; Paired samples t-test; t (7) = 3.3, p < 0.05). Paragraph 30. This study investigated whether CD8 + TL mobilization and subsequent egress from 311 blood in response to a standardized bout of exercise, is affected by a period of high-intensity 312 exercise training. Using a validated model of high-intensity training (14), our data suggest that both 313 the mobilization and egress of CD8 + TL to an acute bout of intense exercise is reduced after a week 314 of high-intensity training in well trained cyclists. Further analyses showed that these effects 315 observed in total CD8 + TL were driven by a differential response of CD8 + TL sub-populations. 316 EMRA CD8 + TL cells exhibited a smaller mobilization during exercise with high-intensity exercise 317 training. Following exercise, the reduced egress of CD8 + TL was largely driven by a smaller egress 318 of NA and to a lesser extent, a smaller egress of EMRA cells. 319 320 Paragraph 31. The smaller mobilization of CD8 + TL with high-intensity exercise training occurred 321 in parallel with a reduced epinephrine response to exercise. CD8 + TL, and in particular the EMRA 322 sub-population, express the ß2 adrenergic receptor very densely at the cell surface (19). Exercise is 323 associated with increased adrenergic activity, and these cells become selectively mobilized via an 324 adrenergic-dependent mechanism (8,19). Moreover, epinephrine infusion alone causes a similar 325 mobilization of lymphocytes (8,19) which confirms previous assumptions that exercise-induced 326 lymphocytosis is largely dependent on epinephrine release (28). The observed blunting of 327 epinephrine and CD8 + TL responses to acute exercise following high-intensity training is consistent 328 with previous reports. For example, physically fit individuals, who engage regularly in exercise 329 training, exhibit a smaller exercise-induced lymphocytosis compared to unfit individuals, which is 330 independent of absolute exercise intensity (16,29). It has previously been reasoned that ß2 331 adrenergic receptors are desensitized due to repeated exercise-induced adrenergic activity (16,29). 332
Also consistent with our findings is the observation that relative to unfit individuals, physically fit 333 individuals tended to show more modest epinephrine responses to stress and exercise tasks (16). 334
Thus, our findings and those of others, suggest that periods of high-intensity exercise training are 335 associated with a reduced CD8 + TL mobilization, which might be in part mediated by ß2 adrenergic 336 receptor down-regulation, a decline in adrenergic output, or a combination of the two. 337 338 Paragraph 32: Adrenergic stimulation is not the only mechanism behind exercise-induced 339 lymphocytosis. For example, lymphocytes are mobilized non-specifically due to increased cardiac 340 output and associated shear forces (36). Indeed, our results suggest that the smaller mobilization of 341 lymphocytes following high-intensity training is likely to be mediated by several mechanisms. For 342 example, our analyses showed that the smaller epinephrine response to exercise following high-343
intensity training was not a significant covariate in the smaller training-induced immune responses 344 to exercise. This indicates that the reduced epinephrine response to exercise is not entirely 345 responsible for our observation. Thus, other known processes (e.g., cardiac output and associated 20), is 366 dependent on lymphocyte expression of the adhesion molecule CXCR4 (25). In turn, the actions of 367 CXCR4 are dependent on bone-marrow derived ligands (e.g., CXCL12), and the expression of 368 CXCR4 and CXCL12 is partly governed by cortisol levels (27, 31) . Thus, it is not surprising that 369 measuring cortisol levels alone does not explain the reduced lymphocytopenia following high-370
intensity exercise training in this study. 371 372 Paragraph 34. It has also been proposed that lymphocytopenia is a result of exercise-induced 373 apoptosis in blood (24). However, apoptosis cannot fully explain the often observed −50% fall in 374 lymphocytes following exercise, as <10% of cells in blood become apoptotic (24). In addition, 375 blood lymphocyte numbers recover within several hours of exercise completion. Replacement of 376 'deleted' lymphocytes so quickly is therefore unlikely. A more accepted view is that CD8 + TLs, 377 important for the detection and elimination of antigen, extravasate from peripheral blood post-378 exercise, as part of immune surveillance (6,20). As periods of intense exercise training are 379 associated with an increased incidence of infection in athletes, we predicted that high-intensity 380 exercise training would result in a reduced egress of total CD8 + TLs post-exercise. Analysis of 381 CD8 + TL numbers following exercise confirmed our hypothesis. Further analysis of CD8 + TL sub-382 populations showed, although not statistically significant, that there was a strong trend fewer 383 EMRA CD8 + TL to leave the blood post-exercise. Together, these findings imply that high-intensity 384 exercise training might be associated with a reduced trafficking of lymphocytes to peripheral tissue, 385 which in turn might be associated with compromised immune surveillance. 386 387 Paragraph 35. An alternative possible implication of the current findings is that beneficial effects 388 of regular exercise on immunity might be reduced if an excessive volume of exercise training is 389 undertaken. A hypothetical but attractive framework put forward by Simpson (37) suggests exercise 390 as a mechanism for the 'deletion' of clonally expanded virus-specific T cells, which deleteriously 391 accumulate with ageing. The T cell compartment is assumed to be relatively stable or 'fixed' 392 because thymic output of naive T cells becomes almost negligible around the time of adolescence 393
(3). Thus, the 'immune space' available for the expansion of memory T cells upon infection with a 394 novel pathogen is limited, and the relative 'size' of the naive T cell pool declines with ageing (1,3) . 395
This narrowing of the T cell repertoire (also known as immune senescence) is associated with lower 396 antibody responses to vaccination, exacerbated inflammation and an increased susceptibility to 397 infection (1,3). Simpson (37) suggests that regular exercise might promote apoptotic removal of 398 some virus-specific T cells by extravasation from blood post-exercise and subsequent exposure to 399 pro-apoptotic signals (e.g., reactive oxygen species). In support, a cross-sectional study by 400 Spielmann et al. (38) showed that individuals with a high aerobic fitness (compared to less fit 401 individuals) had lower proportions of senescent T cells in blood (e.g., CD8 + TL EMRA cells). In the 402 present study, athletes undertook a very high training load, which, as with immune senescence, is 403 also associated with increased susceptibility to infection (12). Subsequently, these athletes showed a 404 smaller egress of senescent EMRA CD8 + TLs. Although speculative, our results, interpreted in the 405 context of the theory proposed by Simpson (37) , suggest that fewer senescent cells may be 'deleted' 406 from the T cell repertoire during a period of high-intensity exercise training. Thus, the possibility of 407 delayed immune senescence with regular exercise as suggested by Simpson (37), might not be 408 gained from excessive volumes of exercise training. Although this is an attractive implication of the 409 current findings and relevant to infection risk and possible immune senescence in athletes, we 410 emphasise that our interpretations are speculation at present. 411 412 Paragraph 36. It is important to note that the high-intensity exercise training manipulation in the 413 present study was not designed to improve fitness. Such improvements in fitness might have made 414 the exercise trial following the high-intensity training condition less demanding. Interestingly, high-415
intensity training caused a small reduction in V ! O 2 max which is common following very intense 416 training regimens (14). Thus, it could be argued that the exercise trial following high-intensity 417 training was in fact more demanding, providing further support that the smaller immune-response 418 observed was not caused by an 'easier' exercise trial. In support, HR and RPE during maximal 419 exercise were not different between trials. Further, our mediation analyses showed that performance 420 (i.e., exercise duration and power output), physiological (i.e., HR) and psychological (i.e., RPE) 421 variables were not significant covariates in the training-induced reductions in immune cell 422 mobilization with acute exercise. In other words, training-induced alterations in these variables did 423 not confound the observed immunological responses to exercise. 424 425 Paragraph 37. As well as alterations in the adaptive immune compartment, the present study 426 showed that high-intensity exercise training influenced the response of granulocytes, but not NK 427 cells (cell populations of the innate immune system). Given that similar to the CD8 + TL EMRA 428 population, NK cells exhibit high adrenergic sensitivity (4), the failure of high-intensity exercise to 429 influence NK cells might seem surprising. However, as NK cells mobilize more than CD8 + TLs (2), 430 suggesting a greater adrenergic sensitivity or receptor density, it is possible that the relatively small 431 reduction in sympathetic activity with high-intensity training was not enough to affect these highly 432 exercise-sensitive cells. Moreover, although adrenergic activity is just one of the mechanisms 433 behind lymphocytosis (6), as mentioned earlier, other well established processes (e.g., cardiac 434 output and increased shear forces) as well as less investigated processes (e.g., tissue homing and 435 adhesion molecule expression) may play a significant roles in the context of high-intensity training. 436
Unlike NK cells, the mobilization of granulocytes into peripheral blood during exercise was 437 reduced with high-intensity training. These effects observed in the total granulocyte pool were 438 likely driven by neutrophils, an exercise-sensitive sub-population (50-60%) of granulocytes, which 439 exhibit both α-and β-adrenergic receptors (13) . These cells are important for the elimination of 440 microbial pathogens (30). Although direct measurements of granulocyte or neutrophil function were 441 not conducted, our data provide some support for the possibility that innate immune responses 442 might be impaired following high-intensity exercise training (41). The results of the present study do not constitute endorsement by ACSM. 484 
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Supplementary table: Physiological and psychological responses to exercise following normal-and high-intensity training.
Power output and performance time during maximal-cycling was reduced following high-intensity training despite no significant differences in heart rate and perceived effort. None of these variables mediated or confounded the reduced immunological response to exercise.
Values are means ± SD. Data were not collected 1h post-exercise. Main effect of time combines data from normal-and high-intensity training and shows increased physiological demand between baseline (HR only), submaximal and maximal-cycling. HR is an average of measurements made continuously during submaximal and maximal cycling. RPE during submaximal-cycling is an average from 20, 40, 60, 80, 100 and 120 min. RPE during maximal cycling is an average from 25, 50, 75 and 100% of task completion. VO2 and RER were measured at the same periods as RPE during sub-maximal cycling: no differences were observed between trials (data not shown for clarity). † significantly different from baseline in corresponding training week (p < .05). *significantly different from Normal-intensity training at corresponding time-point (p < .05). Figure 3 
Parameter
Normal-intensity training High-intensity training
Main effect of time (both normal-and high-intensity training) Baseline
Submaximal-Cycling
Maximalcycling Baseline
Submaximalcycling
Maximal
